Background: Blood transfusion is associated with several risks particularly exposure to blood transfusion-transmissible infections (TTI), including: Hepatitis B virus (HBV), Hepatitis C virus (HCV), Human immunodeficiency virus (HIV) and Syphilis, among others. The threat posed by these blood-borne pathogens is disproportionately high in Sub-Saharan Africa (SSA). This fact underscores the need for continuous surveillance of TTIs in the region. Therefore, the study objectives were to evaluate the prevalence of TTIs and donor characteristics associated with positivity for TTIs at the National Blood Transfusion Center (NBTC) in Asmara, Eritrea.
Background
Blood transfusion is an important therapeutic intervention that has a critical role in patient management [1] . Nonetheless, availability of safe blood products is still a significant public health concern in Sub-Saharan Africa (SSA). This phenomenon is driven by a range of overarching factors, including endemicity of infections associated with anemia, high prevalence of sickle cell anemia, blood loss linked to accidents, surgical and/or obstetrical emergencies and malnutrition, among others [2] . Despite the existence of World Health Organization (WHO) approved national hemovigilance protocols in most countries in the region, blood transfusion continues to carry a certain margin of risk for both patients and healthcare workers [3] . Hypersensitivity reactions and direct or residual risk associated with a spectrum of transfusion-transmissible infections (TTI), including Human Immunodeficiency virus (HIV), Hepatitis B virus (HBV), Hepatitis C virus (HCV) and Syphilis-causing Treponema palladium (T. pallidum), are the major concerns.
In particular, estimates from a previous multicenter study reported that the post-transfusion risk of HIV infection ranges between 1 in 25,600 and 1 in 90,200 [4] . According to some studies, an estimated 25% of blood units donated in Francophone SSA is contaminated with markers of blood-borne pathogens [4] . Others have noted that the widespread use of serological tests and possible misclassification of TTI acquired infections in the region may lead to under-reporting of risks [5, 6] . Overall, the reported proportions of TTIs in SSA are much higher than in industrialised countries [2] . The enhanced odds of acquiring TTIs in the region has been attributed to several challenges, including poor quality test kits and/or unreliable supply of test kits, sub-optimal quality assurance (QA) systems in many centers, shortages of trained laboratory staff, inability to detect recently infected subjects, absence of physical or chemical treatment of blood products [5] . The preponderance of replacement donors (RD) -family members or friends of the patient; as opposed to voluntary non-remunerated blood donors (VNRBD) and the high prevalence of blood-borne infections in the general population in the region has also been linked to the observed TTI associated risk [5] .
To reduce TTI-associated risk in SSA, experts have proposed a three-pronged strategy, including improvements in blood donor selection algorithms, more effective TTI detection techniques and chemical and physical treatment of blood products [4] . The latter two strategies are of limited relevance in SSA with the exception of a select number of countries. At present, optimisation of blood donor selection premised on deferral of high-risk prospective donors remains the primary strategy to reduce risk [2] . This strategy emphasizes the need for continuous monitoring of, and reporting on, TTIs. Evaluation of trends in the prevalence of TTIs is not only essential for the assessment of blood safety or the effectiveness of the blood safety strategies; they can also provide an estimate of the epidemiology of sexually-transmitted infections (STI) in the general population [3] .
Despite the well recognised importance of studying TTI epidemiology, published information on TTIs burden in SSA is scant [7] . In Eritrea for instance, the last published study on TTIs was conducted in 2009 [8] . This study indicated that the prevalence of TTI markers were 0.18, 2.58, 0.57, and 0.49% for HIV, HBV, HCV and Syphilis, respectively [8] . The scenario may have changed in the interim by virtue of changes in migration flows and urbanization, among others. More importantly, the study had several limitations. For instance, the researchers did not report on the relationship between prevalence of TTIs and associated donor characteristics such as sex, region of residence or age. Therefore, this study not only provides updated information on the prevalence of TTIs and associated factors in Eritrea; it is also more comprehensive given the larger sample size, the expanded number of socio-demographic factors and the longer study duration (7 years).
Methods

Study area
The data was extracted from the National Blood Transfusion Service (NBTS) database. NBTS is the only blood bank in Asmara, the capital city of Eritrea. The facility provides TTI-tested blood and blood products for about 20 referral hospitals in the country [8] . The center has several departments, sections and sub-sections. It comprises of Donor Clinic section, Laboratory section (sub--sections: TTI, Immunohematology and Component Preparation Sections), Quality Management and Data Management sections.
Donors at the facility are predominantly VNRBD and blood units were collected during blood donation campaigns. All the assays conducted by the TTI sub-section to test for HIV, HBV, HCV and Syphilis were performed in strict compliance with existing national testing policies and guidelines.
Study design
A retrospective descriptive study of blood donor data recorded at NBTC from January 2010 to December 2016 was undertaken. The information expropriated from the database included: coded donor ID, age, sex, region/zone of residence, type of donation and frequency of blood donation. The outcome variables were HBV, HCV, HIV, Syphilis seropositivity and overall TTI.
Study population
The study population included all blood donors, 60,236 in total, who donated blood to the NBTS from January 2010-December 2016. Participants were either VNRBD (54272) or RD (5963). Donors were selected based on a pre-set criterion which particularized age (16-65 years), weight (> 50 kg) and medical history as per NBTS protocol.
Screening methods
The NBTS-TTI screening department used the following assays: HBsAg (SD HBs Ag ELISA 3. ) test or Fisher's exact test was used to evaluate the relationship between categorical variants. Chi-square trend test (Linear-by-Linear association) was applied to examine year-by-year variation in trends. Multivariable binary logistic regression was used to evaluate the relationship between TTI (dependent variable) and the influencing factors (sex, donor type and region of residence). A p -value < 0.05 was considered statistically significant.
Ethics approval
Ethical clearance was obtained from Asmara College of Health Science (ACHS) Research Ethical Committee and Eritrean Ministry of Health Research Ethical Committee. Additional approval was obtained from NBTS director. The study utilized previously collected data and no participants were involved at any stage. To guarantee donor confidentiality, donors were anonymized via de-identification (through the use of codes). The process of delinking donor identities and donation units was undertaken exclusively by a data specialist from NBTS. The need to obtain consent from donors was waived by the Eritrean Ministry of Health Research Ethical Committee.
Result
Socio-demographic characteristics of the donors
A total of 60,236 blood samples donated to the NBTS from January 2010 to December 2016 were retrieved and analyzed for TTIs. The characteristics of the study population are shown in Table 1 . Overall, 66.4% of the donors were males and 33.6% were females. Their ages (in years) ranged from 16 to 54. The age grouping spanning 18-24 years constituted the highest proportion of donors (47.09%) followed by the age group 25-44 years (24.77%). A majority of the study participants were VNRBD (90.1%) with RD accounting for the remaining proportion, 9.9%. Among the donors, 19,816 (32.9%) were first time donors, 17,169 (28.5%) were second time donors and 38.6% had donated blood more than two times. Further, 46.2% of the donors had type O blood group, 25.6% had type B, 23.1% had type A and 5.1% had type AB. In addition to this, 90.6% of the donors were Rh positive while 9.4 were Rh negative.
Seroprevalence of TTI among the donors
The TTI results of the 60,236 donations are summarized in Table 2 . Among the donors, 3.7% tested positive for at least one TTI. The overall positivity rates of HBV, HCV, HIV, and Syphilis were 2.0, 0.7, 0.3, 0.6 and 0.07%, respectively.
The most prevalent type of TTI throughout the 7 years was HBV. The proportion of donors infected with at least one TTI was 3.6 and 0.1% had multiple infections (Maximum = 3). The frequency of TTIs was comparatively higher in 2016 (4.87%) and lowest in 2010 (2.8%). The concurrent infection with the highest frequency was HBV-Syphilis. Over the 7-year period, Chi-squire trend test demonstrated a significant increase (p < 0.00) in TTI trends from 2013 (3.2%) to 2016 (4.6%).
Seropositivity of TTI within specific socio-demographic categories, including sex, age and region of residence were evaluated. Table 3 . According to our data, male donors had a significantly higher frequency of TTIs compared to female donors (4.0% versus 2.97%, p < 0.00). In particular, male donors had comparatively higher frequencies of HBV (2.2% versus 1.5%, p < 0.00), HCV (0.8% versus 0.6%, p < 0.026) and syphilis (0.7% versus 0.4%, p < 0.00). In contrast, female donors had a marginally higher frequency of HIV compared to male donors (0.4% versus 0.3%, p < 0.005). Mixed infections (MI) were only observed in male donors (0.09%) (p < 0.05).
A statistically significant association was also observed between age categories and TTI seropositivity (p < 0.00). The data shows that the frequency of TTI among donors within 45-64, 25-44, 18-24 and 16-17 years of age were 5.1, 4.1, 2.9 and 4.4%, respectively. In particular, TTI positivity was higher in donors above 45 years of age (5.1%) and donors below 17 years of age (4.4%). Additionally, a significant association was observed between age categories and evaluated TTIs (p < 0.05). Markers for HBV and HCV were more prevalent in donors below 17 years (2.6%) of age and lowest in donors between 18 and 24 years of age (1.6%). In contrast, the frequency of anti -T. pallidum antibodies was higher in donors above 45 years (2%) and lowest in donors between 18 and 24 years (0.3%).
Regionally, donors from Gash-Barka region had the highest rate of infection (9.5%) and donors from Maekel zone had the lowest TTI cases (3.1%), p < 0.00. Except for HIV, regional variation in the frequency of specific TTIs was observed (p < 0.00). Donors from Gash-Barka had the highest frequency of HBV (5.1%), anti-T. pallidum markers (2.4%) and co-infections (0.5%) compared to the other regions. Additionally, frequency of HCV markers was significantly higher in Anseba (1.5%), nearly as high in Gash-Barka (1.4%) and lowest in Maekel (0.6%), p < 0.000.
In this study, RD donors had a higher frequency of TTI compared to VNRBD (6.9% versus 3.4%, p < 0.000). In particular, the prevalence of TTI markers was significantly higher in RD compared to VNRBD: (3.6% versus 1.9%, p < 0.000 for HBV), (1.0% versus 0.7%, p < 0.006 for HCV), (0.6% versus 0.3%, p < 0.000 for HIV) and (1.7% versus 0.5%, p < 0.000 for HIV. In addition, the frequency of coïnfections was significantly higher in RD (0.2%), p < 0.007. Among all donors, the prevalence of TTIs was 10.8% for first time donors, 0.16% for second time donors, 0.53% third time donors and 0.021% for donors who had donated blood more than three times (p < 0.000). Table 4 . 
Discussion
Eritrea faces critical challenges in blood safety and availability. The high frequency of blood borne viruses and other infectious diseases, including HIV, HBV, HCV and syphilis continue to be a major concern. Although epidemiological reports published in recent years indicate that significant progress has been made in countries where WHO national hemovigilance protocols have been implemented; risk of TTIs is still an issue in Eritrea. Therefore, monitoring prevalence trends of a spectrum of TTIs in donor population remains a valuable index for evaluating the effectives of existing intervention strategies.
In this study, we established that the overall cumulative frequency of TTI markers in donated blood was 3.7%. The finding compares favorably to a previous study in Eritrea which reported a prevalence of (3.8%) [8] . However, it is lower than the findings from other multicenter and local studies in SSA. For instance, previous studies in Ethiopia [3] , Mozambique [9] , Equatorial New Guinea [10] and Burkina Faso [11] reported a seroprevalence of 6.55, 18.7, 37.39 and 24%, respectively. In contrast, lower prevalence was reported in earlier studies undertaken in Namibia (1.4%) [12] Iran (0.254%) [13] and China (2.67%) [14] . Several issues should be noted in the reported results. Of note is the fact the frequency of TTI markers reported in this study are comparatively low. Nevertheless, Chi squire (χ 2 ) trend test demonstrated an increasing trend. However, it should be emphasised that the sharp uptick in the frequency of HCV in 2016 account for much of the observed trend. Interestingly, significant reduction in the frequency of syphilis and anti-HBV makers was also noted. The lower frequency of TTIs may be attributed to several factors, including the relatively low prevalence of blood-borne pathogens such as HIV in the general population [15] and more effective pre-donation screening designed to exclude high risk donors and the higher frequency of VNRBD, among others. Another important finding is that the frequency of TTI in RD was comparatively higher (6.9% versus 3.3% for VNRBD). A similar finding was reported by researchers working elsewhere [16] [17] [18] . In general, RD donors are regarded as a high risk group. This adequately corroborated presumption has been linked to a variety of factors including the possibility that family members and friends are more likely to provide false information on issues that might invite further inquiry thereby limiting the level of protection provided by risk-screening questionnaires [19] . In addition, family members may be at a higher risk for some infection due to a shared exposure to specific predisposing factors or environment, for example, HBV.
Furthermore, the frequency of TTI markers in this study was significantly associated with sex with a higher prevalence reported in male donors. A similar association was reported in a study conducted at the Jijiga Blood Bank, Eastern Ethiopia (11.6% males versus 3.8% females) [16] . The higher proportion of male donors presenting with TTI markers may be attributed to behavioral, religious and socio-cultural drivers of high-risk sexual behavior that are typically found in conservative societies. Another plausible explanation of this disproportionate male to female TTI positivity ratio may be related to the fact that females are better diagnosed in Eritrea due to pre-natal care. Thus, a higher proportion of female blood donors may be aware of their seronegative status, at least for some TTIs. A similar suggestion was previously proposed to explain comparable results in a study conducted in Brazil [19] . The frequency of TTI markers was also found to be higher in RD compared to VNRBDs in this study. A higher frequency of TTI was also observed in first-time donors. The results provide additional support to the general notion, widespread in blood transfusion literature, that first-time donors constitute a high risk group [2] . This position is premised on the suggestion that these donors have ambiguous motive to donate and have had no previous pre-donation screening for TTIs. Moreover, the possibility of accessing screening for particular TTIs (HIV for instance) may incentivise some individuals to donate blood. Others may be incentivised by the possibility of financial compensation. The prevalence of TTI markers in donors in the evaluated age categories was also different. This outcome is in line with findings from others studies [14] . The frequency of TTI markers was substantially higher in donors above 45 years and in those below 17 years. Donors within the 18-24 year age grouping had the lowest TTI prevalence. The explanation for the observed pattern may be associated with behavioral characteristics unique to these age categories. Conversely, the finding may indicate that the intervention measures implemented in the country may have disproportionate impact on the disparate age groupings. Regional disparity in TTI prevalence was also observed with donors from Gash-Barka recording generally higher prevalence. This may be ascribed to cultural differences and regional variations in general levels of education, among others.
Although the frequency of TTI reported in this study is nearly similar to that of a previous local study, significant differences pertaining to seroprevalence and trends of particular TTIs was observed. The most dominant type of TTI over the study duration was HBV (2.0%). The reported prevalence was lower when compared to results obtained from similar studies conducted in the region [1, 7, 20] . Further, the high prevalence of HBV among blood donors in SSA has been attributed to the high prevalence [8%] and endemicity of the virus in the region [2] . A point reflected in estimated transfusion risk models which place HBV above HIV in Africa [2] . These results point to the possibility that the prevalence of HBV in the general population maybe comparatively high. Equally notably is the fact that prevalence of HBV markers exhibited a statistically significant association with sex, age categories, regions and donor type. Behavioural, cultural and socio-economic differences associated with membership to these categories may explain the observed variation. In particular, the high seroprevalence of HBV markers (and HCV) in donors below 17 years of age may be linked to the fact that most young people acquire piercings or tattoos at this ageThis hypothesis is highly speculative and warrants further investigation.
The overall prevalence of HCV was 0.7%. This was slightly higher than findings from previously studies from Southern Africa [9, 12] . Although this value compares favourably to findings from a study in North West Ethiopia [3] , the prevalence was lower when compared to studies conducted in Egypt (4.3%) [21] , Tanzania 1.5% [22] , Ethiopia [1] and Sudan 3.4% [23] . This result corroborates the assertion that HCV poses less risk to blood transfusion in Southern parts of Africa by virtue of low prevalence [2] . However, it is important to note that the presence of anti-HCV antibodies among apparently healthy blood donors in Eritrea confirms the presence of HCV in the country. In addition, our data also demonstrated that there has been an upward trend in HCV prevalence over the years -the sharp uptick in 2016 is particularly noteworthy. Although this finding should raise concern, it should be viewed in light of previous reports which noted that HCV antibody tests tend to have high false positive misclassification in African populations [24, 25] . The high frequency of false-positive antibodies (FPA) for HCV has been associated with infectious agents such as malaria, Schistosoma mansoni, Syphilis, HIV, malnutrition or other chronic infections [24] . Therefore, it's our opinion that in the absence of confirmatory nucleic acid based tests (NAT) for HCV; categorical estimates of the frequency of HCV among blood donors in this population may be elusive.
According to this study, the prevalence of HIV among blood donors was 0.7%. The proportion is considerably lower compared to other studies conducted elsewhere in Africa [1, 7, 10, 21, 26] . However, it was higher than the results obtained in Libya (0.014%) [27] and Egypt (0.00%) [28] . The observed prevalence shows consistency with reported HIV seroprevalence in Eritrea [29] . Compared to a previous study, disproportionate HIV prevalence was observed between RD and VNRBD [8] . An association between age grouping and sex was also observed. Higher burden of infection occurred in females and in individuals below 17 years and above 25 years. An explanation for the relatively lower proportion of HIV seroprevalence in males and in donors between 18 and 24 years of age is not apparent. This situation is particularly remarkable given the fact that this is the only infection in which women exhibit a higher burden of disease compared to males. Moreover, Syphilis, a known predisposing factor for HIV, was significantly higher in males.
Treponemal positivity prevalence of 0.6% was also reported in this study. The observed value is lower compared to studies conducted in the region [1, 10, 30] . The prevalence of syphilis was highest in Ghash-Barka and among individuals aged between 45 and 64 years of age. This finding provides additional support for a recent review which concluded that higher prevalence of T. pallidum markers is normally found in elderly donors and in donors with low level of education [31] . Equally notable is the fact that Gash-Barka has a significant proportion of pastoralist communities who tend to have low level of education and are hard to reach with health intervention measures.
Limitation of the study
This study was a retrospective in design. Therefore, we were not able to control, or provide information on, a range of factors which may have had a bearing of the results. For instance, the range of risk factors evaluated in this study was limiting. Indeed, a screening questionnaire customised to the study environment may have provided more insight on the opportunities for optimization of donor selection and testing algorithm from a local standpoint. Another weakness may be associated with intrinsic weakness of the diagnostic test used in this study -use of serological as opposed to nucleic acid based techniques. Therefore, the results reported in this study may underestimate (presence of a window period) or overestimate (high rate of false positivity HCV) the frequency of TTIs among donors in this population.
Conclusion
The overall prevalence of TTIs in Eritrea is comparatively low. This situation may be attributed to several factors, including an effective system for donor recruitment, selection and screening, among others. However, the study demonstrated the fact that the risk of TTIs is still substantial, a problem which is compounded by indicators; reported in this study, which appear to suggest that the frequency of specific TTIs such as HCV have increased marginally over time. According to the study, HBV followed by HCV, had the highest frequency in Eritrea. The prevalence of the TTIs evaluated in this study was associated with sex, region/zone of residence, type of donor and frequency of donation. In particular, the prevalence of TTI was high among male, RD and donors from Gash Barka region. The relatively high prevalence of TTIs (HBV and HCV, in particular), in donors below 17 years of age is also noteworthy. Therefore, there is an urgent need to investigate the epidemiology of TTIs in Eritrea. This can be achieved through continuous monitoring of the prevalence of TTI-markers in the population via the utilization of contextualised screening questionnaires and the use of NAT methods. 
